Flood has caused an enormous negative impact on the environment and the population safety in Malaysia. Many areas are found to be vulnerable to flood due to heavy rainfall during monsoon seasons. However, not many studies were done to identify how vulnerable the prone areas are affected. This study focused on developing flood vulnerability measurement in Peninsular Malaysian states. Data Envelopment Analysis (DEA) was applied on a set of secondary data consisting of several input and output variables across 11 years from 2004 to 2014. The flood vulnerability index for each dimension was computed based on three aspects of flood vulnerability dimensions, i.e. the Population Vulnerability, the Social Vulnerability and the Biophysical Vulnerability. The result showed that Johor was the most vulnerable state among all the states in Peninsular Malaysia in terms of the Population Vulnerability. Meanwhile, Kelantan was the most vulnerable state in the Social Vulnerability and Kedah was the most vulnerable state in the Biophysical Vulnerability. The assessment of flood vulnerability can provide multi-information that may well contribute to a deeper understanding of flood disaster scenario in Malaysia.
Introduction
In Malaysia, flood disaster becomes the worst natural hazards. Malaysia is one of the countries that have the most rainfall in the world. Since 1971, Malaysia is often facing severe flooding (Khalid et al., 2015) . Due to unpredictable factors of climate change such as rainfall and temperature, the Malaysian Government continues to have an issue of flood prevention and flood policies even though several methods and ways have been performed (Shafiaia & Khalid, 2016) . A monsoon flood will occur during the monsoon season when there is heavy rainfall in October to February of each year. The areas in the East Coast states are commonly affected during this season. Moreover, improper drainage facilities in the areas of the development site have also increased the severity of flood (Hua, 2014) .
Literature Review
Flood vulnerability is one of the main components of flood risk assessment and flood damage analysis in the aspects of ecological, community, financial and physical (Nasiri et al., 2013) . Generally, vulnerability is defined as the potential for loss when a disaster has occurred (Sané et al., 2015) . Flood vulnerability assessment has been studied in several developed countries, yet, in Malaysia, there is limited knowledge of vulnerability in a natural disaster. Although the flood prone areas in Malaysia are well identified, however, there is still a lack of appropriate measurement to identify how vulnerable the prone areas will be affected (Akukwe & Ogbodo, 2015) .
Visualization tool such as Weighted Linear Combination methods in Geographic Information System (GIS) and Moderate Resolution Imaging Spectroradiometer (MODIS) are commonly approaches used in flood vulnerability assessment. Currently, the existing quantitative methods are very sensitive to weights of sub-indices which the calculation of weighting depends on arbitrary decisions. This will reduce the confidence, which can be placed in such weighting methods. (Wei et al., 2004) .
Methodology
Data Envelopment Analysis (DEA) is a powerful approach to measure efficiency of decision making units (DMUs) with a set of input and output variables (Khodabakhshi & Asgharian, 2008) . The use of DEA is still new in the natural disaster analysis. However, the efficiency result can reflect the vulnerability level in natural disaster analysis (Wei et al., 2004) . The flood vulnerability can be calculated by the ratio between the input and output variables which the process of flood hazard is observed as "input-output" system (Huang et al., 2012) . Normally, flood vulnerability is described as the degree of damage by flood disaster. A range scale of 0 to 1 is used as the indicator reading to explain the vulnerability level of DMUs (Nasiri & Shahmohammadi-Kalalagh, 2013) .
In this study, 11 states in Peninsular Malaysia were selected as the DMUs by using the secondary data (2004 to 2014). Three dimensions were focused in this study based on the previous research and the data availability; (1) Population Vulnerability, (2) Social Vulnerability and (3) Biophysical Vulnerability. The selected inputs and outputs were shown in Table 1 . The data of inputs and outputs were collected from Department of Statistics Malaysia (DOSM), National Security Council, Malaysia Meteorological Department (MeTMalaysia) and Department of Social Welfare. DEA model was measured using the Efficiency Measurement System (EMS) software. Based on the efficiency range scale of 0 to 1, the vulnerability score of 1 is concluded as the most vulnerable to flood disaster and the vulnerability score approach to 0 is concluded as the least vulnerable to flood disaster (Nasiri & Shahmohammadi-Kalalagh, 2013) . Generally, the efficiency score of a DMU is measured in terms of the ratio of the sum of weighted outputs to the sum of weighted inputs as follows:
(1) Constant Return to Scale (CRS) DEA model was developed in this study for Population Vulnerability, Social Vulnerability and Biophysical Vulnerability. The CRS DEA model is shown as below: Where  is the vulnerability score (0 < ≤ 1), x and y are the input and output variables, n is the number of DMUs (n = 1,2,…,11), λ j is the weight attached for input and output variables,  s is a slack for input and  s is a slack for output. In Population Vulnerability for example, there is one input (x 1n ) and one output (y 1n ) for each state. For a state, n = 1, the input is stated as x 11 and the output is stated as y 11 . The Eq. (2) 
Where n is equal to 11 and ) ,..., , , (
. Based on the Eq. (3), the minimum value for  is measured. For this example, the  value is the vulnerability score for the Population Vulnerability in the Peninsular Malaysian state of n = 1. If the value of  is equal to one, the state will be concluded as the highest population vulnerability and if the value of  closer to 0, the state will be concluded as the lowest population vulnerability.
Results and Discussions
Using the DEA analysis, the first objective of this study is to determine the flood vulnerability score based on the three different dimensions in each Peninsular Malaysian states. The results from the DEA analysis are shown in Table 2, Table 3 and Table 4 . From Table 2 , the yearly vulnerability score of Population Vulnerability for each state was shown. Take the example from the year 2004: (1) The most vulnerable state of flood disaster was Terengganu with a vulnerability score of 1.000. (2) The least vulnerable state of flood disaster was Perlis with a vulnerability score of 0.500. The vulnerability score of Biophysical Vulnerability for each state in yearly basis was shown in Table 4 . For the year 2004 as the example, the results were concluded: (1) The most vulnerable states of flood disaster were Kedah and Pulau Pinang with a vulnerability score of 1.000. (2) The least vulnerable states of flood disaster were Melaka, Negeri Sembilan, Perlis and Selangor with a vulnerability score of 0.667. Second objective of this study is to compare the differences in flood vulnerability score across Peninsular Malaysian states. The average vulnerability score for each state across the eleven years was used to compare the difference in each dimension. Table 6 indicates that Johor was the most vulnerable state to the flood disaster among 11 states in Population Vulnerability, while, Kelantan was stated as the most vulnerable state to the flood disaster in Social Vulnerability. It was also found that Kedah was the most vulnerable state to the flood disaster in comparison to the rest of the states in terms of Biophysical Vulnerability.
Eleven states of Peninsular Malaysia in the Population Vulnerability, Social Vulnerability and Biophysical Vulnerability were divided into four levels based on the standard deviation and the mean of average vulnerability score for each dimension. A "very high vulnerability" state was grouped based on the state with the vulnerability score that is at least one standard deviation greater than the mean. Next, a "high vulnerability" states was grouped based on the state with the vulnerability score range from the mean plus one standard deviation. Then, a "medium vulnerability" state was grouped based on the state with the vulnerability score range from the mean minus one standard deviation to the mean. Lastly, a "low vulnerability" state was grouped based on the state with the vulnerability score that is less than the mean minus one standard deviation (Huang et al., 2012) . In Population Vulnerability, the mean and standard deviation are 0.577 and 0.201 respectively, while, in Social Vulnerability, the mean and standard deviation are 0.141 and 0.316 respectively. Referring to Biophysical Vulnerability, the mean and standard deviation are 0.229 and 0.347 respectively. Table 7 shows the categorization of levels for each dimension. Fig. 1 illustrates the flood vulnerability maps for each dimension. Each state was shaded based on the average vulnerability score across the eleven years that was grouped by the flood vulnerability level in Table 7 . In Population Vulnerability, the results were concluded: (1) Perlis, Kedah, Kelantan, Terengganu, Pahang and Johor were grouped in "high population vulnerability". The results in Social Vulnerability show: (1) Kelantan, Terengganu, Pahang and Johor were grouped in "high social vulnerability". For Biophysical vulnerability, the results show: 1) Kedah, Kelantan, Terengganu, Pahang and Johor were grouped in "high biophysical vulnerability".
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Figure 1: Multi-Dimensional Flood Vulnerability Mapping in Peninsular Malaysia
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Conclusion
This study was focused on multi-dimensional of flood vulnerability assessment for each Peninsular Malaysian states of Population Vulnerability, Social Vulnerability and Biophysical Vulnerability for the period of 2004 to 2014. The results show that Perlis, Kedah, Kelantan, Terengganu, Pahang and Johor were the most vulnerable to flood among the eleven states in terms of Population Vulnerability. Meanwhile, Kelantan, Terengganu, Pahang and Johor were the most vulnerable to flood in Social Vulnerability. In Biophysical Vulnerability, Kedah, Kelantan, Terengganu, Pahang and Johor were the most vulnerable to flood among the eleven states. Further multi-dimensional flood vulnerability assessments using DEA method should be studied in future research to get a deeper understanding of flood vulnerability. Moreover, multi-dimensional flood vulnerability such as economic vulnerability, transportation vulnerability and industrial vulnerability will give better efficient result since for each different output variable by using the same input variables may give different effect of disaster loss.
